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Formerly of the U. S. Atomic Energy Commission, Isotopes Llivision, Oak Ridge, 
Tennessee, present address, U, S, Testing Company, Hoboken, New Jersey, 
Los Alamos Sc ien t i f ic  Laboratory, Los Alamos, New Mexico, 

I, Introduction 

The recent ava i lab i l i ty  of the carbon isotopes with masses of 11, 1 3  and 

has resulted i n  the synthesis of a great number of carbon-labeled(2) organic 

(2 )  The word "labeled" i s  used i n  this paper to  indicate an a l te ra t ion  i n  the 
isotopic composition of one o r  more positions i n  the s t ructure  of a compound 
so tha t  the coq~pound, o r  the positions may l a t e r  be identified.  

compounds. The designation of these compounds by names which indicate the posit ions 

of labeling has caused much confusiona Although t h i s  problem has received some 

attention(3949S96) i n  recent years, no uniform system of naming these canpounds 

(3)  
(4) 

( 5 )  
(6) 

J. W. Otv6s and C. D. Wagner, Science, -' 106 409 (1947). 
M. Calvin, e t  a l e  "Isotopic Carbon," Page X, John S t i l e y  and Sons, New Pork, 
N. Y. (1949). 
R. C. Anderson, Brookhaven Conference Report, Chemistry Conference #4, BNL-44 
(C-10) , p . 110-129, January, 1950 
C. J. Collins, J. Ama Chem. SOC., - 70, 2418 (1948) Footnote ( 3 ) .  

now exis t s ,  One finds, f o r  example, i n  the l i t e r a t u r e  of the past  two years the terms 

14 C-f ormaldehydeft; tfC -f ormalde&dett; I t f  ormaldehyd e-Ci4f1; "radiof ormaldehyde and "14 



2. 

ur 1 
wforrnaLdehyde-CIL1t all meant t o  designate C H20. A s  t he  labeled compound increases 

fr ccrpief i ty ,  the  names given it become more numerous. Many authors have encouraged 

a non-systematic nomenciature by the  use of such terms as nbenaoic acid-carboxyl-&, " 
while others have described labeled compounds by the  use of wordy descriptions. 

The formula of an organic compound is  a wri t ten symbol indicating the  

chemistts concept of i t s  structure,  while conveying t o  the  observer certain of i t s  

chemical and physical properties. The expression in words of the f a c t s  represented 

by the  form.sla presents many problems. 

of every formula could be expressed would be too complicated t o  be of use i n  the 

A naming system by &ich  the complete sense 

coding and indexing of compounds. Possibly for t h i s  reason the naming of organic 

compounds has followed several trends, each of which has resul ted i n  a unique 

method of notation, The c r i t e r i a  f o r  naming organic compounds by each of these 

methods are rigorous, although the chemist may use the system of h i s  choice, 

- f o r  example (1) the Bei ls te in  system, ( 2 )  the rad ica l  system, (3 )  the  I. U. C, 

system and (4) the indexing system employed by Chemical Abstracts. The l a t t e r  

nomenclature i s  one of expedience, and the ed i tors  of Chemical Abstracts' do not 

hes i ta te  t o  borrow from other  sys tem, to  change t h e i r  preferences, t o  es tab l i sh  

new rules ,  nor t o  combine features of  two o r  more systems f o r  ease and c l a r i t y  of 

indexing, I n  such a f i e l d  as chemical nomenclature, i n  which new problems and 

conditions must be m e t  continuously, the a b i l i t y  t o  cope with new requirements 

is  essent ia l ,  and a r i g i d  and immobile system is, i n  fac t ,  undesirable. 

Owing t o  the general lack of uniformity i n  naming labeled compounds, t he  

authors believe it profitable t o  report  t he  result of a study they have made of 

the nomenclature of the compounds of isotopic  carbon; t h i s  study was undertaken 

t o  achieve uniformity i n  t h e i r  preparation of reports f o r  the Atomic Energy Comriiission. 



3. 

Its pxrpose was t o  examine the problems which made it d i f f i c u l t  t o  name the compouds 

of isotopic  carbon, and t o  point out established pr inciples  which might serve as a 

guide f o r  naming these conpounds i n  future reports,, 

authors placed on themselves the follawing restr ic t ions:  

I n  the present study, the 

(1) To suggest no new rules, symbols nor conventions,, 

(2) To propose only such names as  can be jus t i f ied  on the basis  of 

exis t ing precedents and good usage. 

( 3 )  To si- no preference regarding points  of controversy. The 

recommendations f o r  solving such controversies are  properly 

considered t o  be a function of the committee on Nomenclature of 

Compounds Containing Isotopic Elements, under the Chairmanship 

of Dr .  Wallace Re &oder 

committee on Nomenclature of the Organic Division of the 

American Chemical Society. 

T h i s  committee i s  advisorg t o  the 

Since these problems have been discussed freely with so  many chemists, it 

i s  not possible t o  give proper c red i t  f o r  many of the ideas contained i n  the  report. 

The advice and the many suggestions made however, by Professor Charles D e  Hun3 of 

Northwestern University, a r e  grateful ly  acknowledged. 

II. Problems Involved 

Most attempts t o  use a systematic nomenclature f o r  purposes of naming 

compounds containing isotopic carbon are adaptatiolls of the rules and precedents 



4. 
( 7 9 8 )  e s t a S l i s b d  fo r  the names of compounds containing deuterium and tritium 

(7) 

(8) 

The proposal of W. A. Boughton reported by E. J. Crane, Ind. Eng. Chem. News 
Edition, 13, 200-201 (1935) . 
A.  M. PatGrson, Le T. Capell, and M. A. Magill, Chemical Abstracts, 2, 
5874-5875 (1945) 

In names of compounds containing carbon-14, f o r  example, the isotope symbol is  

usually nC14n, the position o f  the carbon-14 i s  usually indicated by a n-er 

or  a Greek l e t t e r  called a locant, and the number of posit ions occupied by 

carbon-lb atoms is  shown by the use of a subscript. 

C 4 f t  s ign i f ies  butane whose labeled molecules possess carbon-lb i n  both the 2- 

and 3- positions. 

pointed out, authors are not uniform i n  t h e i r  usage of such names. 

To i l l u s t r a t e ,  "butane-2,3- 

2 
This is  a typical  name f o r  t h i s  compound, although as  has been 

( 7 9 8 )  A rigorous adaptation of the rules  f o r  deuterium and tritium nomenclature 

t o  the naming of compounds containing isotopic carbon i s  d i f f i c u l t  because of the 

following facts :  

(1) The l e t t e r s  - d f o r  deuterium and- t  - f o r  tritium are special  symbols fo r  

the isotopes of hydrogen signifying atomic weights of two and three 

fo r  t h i s  element. 

elements would obviously be d e s i r a b l e .  

An extension of t h i s  system t o  the  isotopes of all1 

(2) The numbering systems now i n  use f o r  organic structures,  - with the 

notable exception of t ha t  proposed by Dy~on(~), - re fer  t o  the substi tuent 

(9) G.  lul, mson, "A New Notation and Enumeration System f o r  Organic Compounds," 
London, New York, Longman, Green (1949). 



5. 
a t  the posit ion i n  a molecule ra ther  than t o  the posit ion i tself .  

single f a c t  leads t o  a t  l e a s t  two d i f f i c u l t i e s  when these numbering 

systems a re  employed t o  designate the posit ion o r  posit ions occupied 

by isotopic carbon: 

This 

a. The same numbering system must be used i n  two d i f fe ren t  senses 

t o  indicate the  positions of a substi tuent and isotopic carbon 

i n  the  same structure.  T h i s  becomes evident when one considers 

the meanings of the numbers i n  the names "2-chloroethanol-2-CaYw 

V-methyl-l,&-naphtho quinone-2-Ca" and "2- ( chloro-C1 35 ) -ethan01-2-C~~. " 
b,  Many names f o r  organic s t ructures  do not carry a complete numbering 

pattern,  

unnumbered posit ion or  positions are the points of labeling. 

Consider, f o r  example, ace t ic  acid and i t s  derivatives. The 

methyl group referred t o  by the name macetic acid'+ has been 

designated the O(-position, but no designation e i ther  numerical 

or alphabetical w a s  given f o r  the carboxyl group, 

"ethanoic acid" the carboxyl carbon i s  numbered as onee 

American Chemical Society Committee on Nomenclature, Spelling 

and Pronunciation, i n  different ia t ing the two acids CH2DGOOH 

and CH3C00D(7) proposes the name '*acetic-d acid" f o r  the former 

and tlacetic acid-d" f o r  the l a t t e r .  

fo r  when "acetic acid-dfi i s  converted t o  the ethyl es te r ,  the 

nDD" group i s  displaced. 

conversion t o  the ethyl  e s t e r  becomes ethyl acetate-d, 

This makes it impossible t o  use such names when the 

I n  the synonym 

The 

No ambiguity ex i s t s  here, 

In like manner %cetic-d acid" on 

It is  



6 .  

obvious t h a t  t h i s  type of name cannot be applied t o  

cases of ace t ic  acid labeled with isotopic  carbon. 

I"Jling(lO) of the I. U. C., it has been s ta ted  t h a t  

t he  similar 

I n  a recent 

the  Geneva 

(10) Internat ional  Union of Pure and Applied Chemistry, September, 1949 Meeting, 
Amsterdam. 

~ ~ - 

type numbering would be used with the  t r i v i a l  names of open chain 

acids, the  carboxyl group being designated as t h e  No. 1 posi t ion 

and t he  q-posi t ion as the  No. 2 posit ion,  

may be considered as pa r t i a l ly  solved f o r  the open-chain acids. 

However, t he  same cannot be said f o r  many t r i v i a l  names of more 

complex compounds. 

example, carry no complete numbering pa t te rn  and are inadequate 

This problem,therefore, 

The names ttdesoxybenzoin" and "chalcone" f o r  

f o r  the  purposes of expressing labeling with isotopic  carbon in 

the carbonyl-groups of t he  s t ructures  they represent. Many such 

names, i n  f a c t  do not lend themselves readi ly  f o r  designating 

other kinds of substi tution. 

(3)  The posit ion of the locant (number or  English or  Greek l e t t e r )  and 

isotope symbol i n  the names of compounds containing isotopic  carbon 

has been accepted generally as a suffix by analogy t o  usage i n  

deuterium and tritium names, although a few authors employ these 

as a prefix. Patterson ("1 s t a t e s  "where sha l l  posi t ion number be 

(U) Austin M. Patterson, J. Am. Chem. Soc., - 55, 3925 (1933). 
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placed, before or after the par t s  of the name t o  which they refer?  

Usage varies; some chemists place them before, some place t h e m  after, 

some use a combination. The committee(on the Reform af Organic 

Nomenclaturelhas l e f t  f u l l  l a t i tude  on th i s  point." What Patterson 

has said indicates that the matter be l e f t  t o  individual. preference. 

(4) The use of carrier-free isotope as  contrasted with ca r r i e r  containing 

isotope dn lead t o  a different  species o r  mixture(12) of species 

(12) The components of the mixture considered here a re  species of  the same compound, 
differ ing o n l y  i n  t he i r  posit ion o r  positions of labeling(2). 

when employed i n  the same synthetic series. This  type of problem 

has been recognized(395S) a l so  f o r  the compourds of deuterium and 

tritium. Acetylene, prepared from barium carbide which had been 

obtained by the action on barium of pure carbon-clk dioxide 

(containing none of the other isotopes of carbon) would contain no 

other species than &H=C%I. 

containing both carbon-G2 and carbon-& yieldr; mixtures of 

$.!Q=c~~H, c l b H a 1 2 H  and c 1 2 E C 1 2 H .  There i s  obviously 

carbon+& dioxide of such a Cfi /C12 r a t i o  that the acetylene 

prepared from it would contain a negligible amount of the doubly- 

labeled species when compared t o  the s ing lp labe led  acetylene, 

The use af carbon-& dioxide 

When the r a t i o  (+4H=C14H/&H--C12~ becomes less than the experi- 

mental e r ro r  i n  radioactive assay employed t o  determine the amount 
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of carbon-a in. the  acetylene, then t h a t  acetylene is ef fec t ive ly  

singly-labeled, even though the  amount of doubly-labeled acetylene 

may be calculated, o r  even determined d i r ec t ly  by mass-spectro- 

graphic data. how shall such mixtures be 

named? 

The chemical subst i tut ion of compounds containing many i den t i ca l  

positions, and labeled i n  one o r  more of these posit ions leads 

t o  complex mixclures 

omitting some of the  information tha t  should be included in the 

nameo 

i n  the  3-, 4- and 4.a-positions. 

The problem here is: 

( 5 )  

which are d i f f i c u l t  t o  name without 

Consider the hydrocarbon triphenylene containing carbon-14 

Monosubstitution of t h i s  labeled 

* 
%- 

hydrocarbon by bromine i n  the 2-position and a l l  e p i v a l e n t  

posit ions should y ie ld  a mixture of monobromo derivat ives  contain-' 

ing bromine a t  the  2-, 3-, 6-, 7-, 10- and 11-positions. The same 

mixture could be considered a l s o  as composed of 2-bromotriphenylenes 

labeled with carbon-l-4 i n  the 3-, 4-, ha-positions, the 4b-, 5-, 6- 

positions, the 7-, 8-, Sa-positions, the 8b9 9-, 10-positions, the 

11-, 12-, 12a-positionsY and the 12a-, 1-, 2-positions. The problem 

is  t o  name the  bromo derivative i n  such a way that i f  the bromine were 

removed, one could determine from t h a t  name the posit ions of label ing 
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i n  the regenerated triphenglene . 
111. Principles Used as a Guide f o r  Naming Compounds ----- 

Containing Isotopic Carbon 

The following principles have been found by the  present authors t o  provide a 

simple, workable nomenclature guide,, 

can be named by t h i s  system. Its limitations are  chief ly  those of chemical 

nomenclature i n  general, since it suggests no symbols nor conventions which are  

not i n  accordance with established organic nomenclatureo 

Most compounds containing isotopic  carban 

(1) Capital C ra ther  than lowercase c i s  used t o  denote carbon isotopes. 

Superscripts follow, ra ther  than precede the elemental symbol . This 

l a t t e r  pract ice  i s a p p a m t l y  contrary t o  the convention recamended by 

the I. U. C . Committee on Inorganic Nomenclature(13). I n  the opinion of 

(13) Chem. and Eng. News Edition, 27, 2998 (1949). 

the present authors however, t h i s  I. U. C. recommendation was made f o r  

the convenience of inorganic chemists i n  placing the charge t o  the  

upper r igh t  of the isotope symbol when writing equations f o r  ionic 

reactions. 

A t  l e a s t  two cogent reasons may be advanced fo r  non-adherence t o  

t h i s  recommendation. 

thirteen", "carbon-fourteen" and niodine-one-thirty-one w, f o r  example, 

ra ther  than Y,hirteen-carbon*t, "fourteen-carbon" and flone-tkkby-cmZ- 

F i r s t ,  s c i en t i s t s  speak of, and think of "carbon- 

id ine .n  Thus, reversal  of the superscripts t o  n13ctl, W14cI? and "13111, 
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i s  awkward and, f o r  some,confusing. Second, the  use of such symbols 

as ftC13", wC4w and T13l1t i s  a convention w e l l  established by usage 

i n  the  s c i e n t i f i c  l i t e r a tu re ,  and has been common pract ice  among 

chemists i n  writ ing symbols f o r  the isotopes of most elements 

A reversal  of t h i s  usage w i l l  be d i f f i c u l t  t o  e f f ec t .  

( 7 )  

Since the 

I. U. C. recommendation has not yet been made a p a r t  of a def in i t ive  

report, it i s  f e l t  t h a t  non-adherence t o  it is en t i r e ly  just i f ied.  

the  isotope (798)  
(2) Consistent with deuterium and tritium nomenclature 

-01 d i r e c t l y  follows the par t  of the name t o  which it refers. The 

subscripts are used, as i n  the names of compounds which contain 

deuterium and tritium, t o  describe the number of given isotopic atoms 

present i n  a molecule or molecular moiety referred t o  by the  isotope 

symbol. 

symbol and i t s  locant before the name o r  pa r t  of the name t o  which 

it refers i s  not incorrect(''). 

It should be noted however t h a t  the  placing of the isotope 

There may be cer ta in  names, i n  fact, 

i n  which the  l a t t e r  pract ice  should be preferred. 

The names selected must represent correct  usage within the system (3) 
chosen. 

2-propanol, wt-butyl - alcohol" o r  wtrimet&lcarbinol." I n  s i m i l a r  

fashion, "desoxybenzoin," nphenyl benzyl ketone" o r  +lo(-phenyl- 

acetophenonert may be used f o r  C H CH COC6H5. 

subst i tut ion it is  obvious t h a t  the system chosen must be capable 

of designating the isotopic  position unambiguously. 

The formula (CF~~)~COH, f o r  example could be nmed 't2-methyl- 

To represent isotopic  6 5  2 
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(4) A compound i s  given the same name 

been derived through car r ie r  f r ee  

reasons f o r  this are presented by 

whether i t s  labeled positions have 

o r  t r ace r  l eve l  syntheses. The 

Otvos and Wagner(3) and by 

~ n d e r s o n ( ~ ) .  

barium carbide-C14 of e i the r  carrier-free o r  t racer  l eve l s  of 

carbon-lb a c t i v i t y  i s  therefore resolved 

named wacetylene-C3.n 

The simplest possible name consistent with good usage i s  always 

used. 

the presence in  a compound of only one isotopic  carbon atom and 

one position of labeling. 

no c l a r i t y  t o  the name, locants (nurbers o r  Greek l e t t e r s )  a re  

omitted. Thus, ftmethane-C14n and ftacetylene-CF" are used i n  

preference t o  'tmethane-CFfv and t~acetylene-l,2-Cl-4. w 

Parentheses are  used when necessary t o  prevent ambiguity., 

Nomenclature rule 50 (Q) s t a t e s  fW it i s  necessary t o  avoid 

The problem of how t o  name acetylene prepared from 

These acetylenes a re  

( 5 )  
For example, the subscript r t l n  i s  never used t o  denote 

I n  addition, when the i r  use would add 

2 

( 6 )  

(u) Austin M. Patterson, J, Am, Chem. Soc., - 55, 3921 (1933). 

. 

-~ 

ambiguity, the names of complex radicals w i l l  be placed i n  parentheses.n 

Examples a re  the names f t l - (  2-furyl)propyLaminett and "N-( 2-fury1)propylamine .," 

There are  a t  l e a s t  two classes of names f o r  carbon-labeled compounds i n  

which parentheses are useful: 
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1 2  

a, Names in which the posit ion of labeling i s  doubtful t o  the 

reader because of uncertainty a s  t o  whether the isotope 

symbol precedes or  follaws the name or pa r t  of the name it 

modifies, (Patterson! s discussion(ll)  with reference t o  the 

posit ion of numbers has been mentioned in Part  I1 of t h i s  

paper), An example of such a name is *phenyl-l-C14- 

acetophenone." To many chemists t h i s  would indicate ring- 

labeling i n  the No, 1 position of the benzene nucleus attached 

t o  the&-carbon atam of acetophenone. To others it might 

indicate labeling i n  the carbonyl-group of the compound, 

The present authors therefore c a l l  the ring-labeled s t ructure  

"(phenyl-1-C 14 )-acetophenone," and the  carbonyl-labeled 

s t ructure  nphergrl( aceto-l-C 14 ) -phenone ,tt 

b. One-word names, o r  one-word Darts of names i n  which lacants  

are not used, Consider, f o r  example, the name 9nethylurea- 

Caot! Does t h i s  name imply (1) carbonyl-labeled, ( 2 )  methyl- 

labeled, (3) both carbonyl- and methyl-labeled methylurea, 

or (4) methylurea of unknown labeling? The use of parentheses 

removes all doubt, Thus, the methyl-labeled compound i s  named 

"(methyl-C 14 )-urea , f? the carbonyl-labeled compound, "methyl(urea- 

G14)!rl and the  doubly-labeled compound becomes "rnethylurea-C2 l-h , tl 

(methane4 l-4 
Similar examples are rf9,fluorene(methanol-S14) and"dipheny1- 

Note t h a t  parenthesesare not  necessary in the 

names "ethyl- 2-C14- urea, 1' rfe thy1 carbamate - Cl4r1 and @e thyl-l-Ca 



carbamateOR Note also t h a t  parenthesBdo not introduce,nor do 

away with the  need f o r  hyphens,in the  names i n  which they are 

employed. 

(7) A compound known t o  contain isotopic  carbon, bu t  whose posi t ion or  

posit ions of labeling are  unknown is designated i n  the name by 

preceding the  isotope symbol with the lowercase le t te r  wx." For 

example, glucose prepared photosynthetically i n  the presence of 

carbon-& dioxide would be named Rglucose-x-CaW provided there  

was no knowledge of the posit ion or  positions of labeling. 

small mx" is  used in the  chemical l i t e r a tu re ,  and par t icular ly  

The 

. 

i n  Beilstein,  t o  denote posit ional uncertainty, 

question mark (?) i n  the place of "x" seems also t o  be jus t i f iab le ,  

The use of the 

although the present authors do not recommend i t s  use since it might 

connote uncertainty as t o  whether or  not the molecule were labeled, 

or whether or not the proper isotope symbol had been employed, 

(8) Structures labeled with more than one isotope of carbon are  named 

following the principle of "low numbersw(n) . Numbers referring 

t o  positions of labeling a re  given f irst  precedence, while second 

precedence i s  given t o  the numbers indicating the atomic weight 

of the isotope. 

principle : 

preferred t o  " b ~ t a n e - l - C ~ ~ - 3 , 4 - ~ ~ 4 "  and %utane-Cfi9C13. n 

Note, however, t ha t  ClC1%2CH2CQH2C14H3 i s  named "1-chloro- 

butane -1-C13-3 , 4- C 

The following examples will i l l u s t r a t e  the 

%utane-l,2-CQ-4-~13~ and 'tbutane-l-C13, C14f* are 
2 

14 n 
2 .  



3.4. 

(9) Hyphens are placed between the locant (number or  Greek le t ter)  and 

the isotope symbol. 

ra ther  than the name 

no hyphen i s  used i n  

The name aethanol-l-Can is  therefore used 

ttethan01-1C~4.n 

the nextran hydrogen designation(l5), it a l s o  

It might be argued tha t  since 

(15) Chan and fig. Ifass, - 27, 1303 (1949). 

i s  unnecessary here. The present authors tentat ively favor the  

use of the hyphen however, i n  names of compounds i n  which isotopes 

must be denoted since i t s  inclusion would prevent ambiguiw in  

names of compounds containing isotopes of oxygen and iodine. 

the l a t t e r  two instances the  0 - and - I symbols might be confused 

with the  numbers - zero and - one. 

diiod op ent ane -1-1131t1 might seem preferable t o  "1,b-diiodopentane - 
1113' " 
t o  ~ l Y 4 - ~ e n t a n e d i o l - l ~ 1 8 , t ~  

of the hyphen i n  t h i s  instance i s  one to  be decided f ina l ly  by 

the committee on Nomenclature, Spelling and Pronunciation of the 

In 

For example, the name n l , L -  

Similarly, Wl,4-pentanedi01-1-0~~" might seem preferable 

The question however, a s  t o  the use 

American Chemical Society. 



15. 

IV, Examples 

1 
Following is a list of formulas with one or two names f o r  each compound 

i l l u s t r a t i n g  the principles s e t  down i n  p a r t  111. 

been chosen as the  isotopic carbon atom i n  compounds which are labeled with only 

one isotope, and i ts  presence is  indicated i n  the formula by the a s t e r i sk  ( j t ) .  

For convenience, carbon-u has 

* 
CIi30H 

* 
CH3CH20H 

rf:""> mixture 
CH CH OH 

* 
CH3COOH 

me thanol-Ca 

e t  hand-1 4-4 
ethyl-l-Ca alcohol 

e t h a n o l 4 3  
ethyl-ci4 alcohol 

ethanol-1,2-C1 14 

ethyl-l,2-C? alcohol 

a ~ e t i c - l - $ ~  acid 

* CH$ZOOCH2CH3 etv1-2-~14 acetate 

* 
CH3CN 3 6 )  ace toni t r i le  -2 414' 

me thyl-C& cyanide 

(G \  his name is  preferred t o  n(aceto-2-~'4)-nitrile, 
only two carbon atoms, thus no possible ambiguity could ex i s t  by placing the 
isotope symbol a t  the end of the name. 

since "acetonitri le" connotes 



16. 

C4H3 C 4 H  2CH2 C13H3 

# 
C~I~COCK~COOC~HS 

* 
CH NHCONH2 3 

* 
H2NCO COO H 

* 
H ,$JC O C O q  

CH2OCOCH3 
I 

CH-O , 
I (332 * 
CH2-0’ 

ace tic-1-@-2-Cu acid 

butane-l,2-~;4-h-~13 

e thane-l-C13-2-Ca 

ethyl  j ace to - l -~ lk )  -acetate 

et~1-1-~J-4 acetoacetate 

methyl(urea-C4) 

e thyl  carbamate-& 

e thyl-2 -C14 carbamate 

Oxamic-l-Ca acid 

oxamid e - 1 4 4  

O X ~ ~ & C - ~ . - C ~ ~  ani l ide  

I-e thy1 2-methyl oxalate-l-Ca 

l-acety1-2,3-m thylenegly ce rol- 
3-cu 



OH 

3 CH 

* OH Q 
CA3-5: - cH3 

* 
CH3 

2- (me thyl-cI-4) -2 -propanol 
2-me thy1 -2-propanol-l-Cu 

2-methyk-2-propanol-1 y 3 - 4 4  

2- ( r n e t ~ l - ~ ~ ~ - 2 - p r o p a n o l - l ,  3-~,  4 
tri(methy1-C )-carbinol 

( aceto-l-C14) -phenone 

%phenyl ( aceto-l-C14) -phe one 
benzyl phenyl ke tone4  If: 

+benzylidene ( aceto-l-C14>-phenone 
phenyl styryl k e t o n e d 4  

4-( benzylidene- o(-C -acetophenone 
phew1 s tyryl- O( 

benzene-l,3, b-C!)t-carboqylic-C l4 
acid 



L 

* 

* * *& COOH 

0 

CH CH2 

18. 

1,3- (benzene-2,4,5-C 14 ) - 
3 

d i  (carboxylic-Ca) acid 

durene-4 1 4 1 L  ,Oi -C2 

1 2  l4 durene- 4 , o( ,3-C3 

1-me thyl-Cl4-2- ( e thyl-1-C14) 
4, ~-dimethylbenzene-3-C14 

styrene- q-Ca oxide 

~ tyrene-2~3P-C;~  oxide 

. 



19. r 
monobromotriphenylene substituted + Br h---.) 2 in the 2-position 

2( 3,6, 7,10,~)-mono rmotri- 
phenylene-3,k,ka-C & 

3 

2 ( or 3,6,7,10,U.) -monobromotri- 
phewiene-3 , 4, ha-d-4 3 

9-fluorene(methanol-C 
9-fluorenyl( 




